ABSTRACT. This paper addresses the problem of the material fatigue properties estimation for assessing real mechanical components. These information are needed to apply the most modern methods capable of assessing components weakened by notches and defects, subjected to both uniaxial and multiaxial fatigue loadings. In particular, by using a large database of fatigue data, some practical rules are proposed to estimate the plain material fatigue limit (under uniaxial and torsional loadings) and the El Haddad's short crack constant.
INTRODUCTION
The complex geometries of real mechanical components often generate stress concentration phenomena, which have a strong influence on the fatigue behaviour of the material. During the last few years some new methods capable of estimating the fatigue limit in the presence of both notches and defects have been developed. In general, the application of these methods requires the fatigue limit, ∆σ 0 , the threshold value of the stress intensity factor, ∆K th , and the El Haddad's short crack constant, a 0 . The El Haddad's a 0 is a material property and it can be calculated as [1] 
Recently, Atzori and Lazzarin [2] proposed a diagram capable of making explicit the bridging between the defect and the notch sensitivity when the analysed component is in fatigue limit conditions. The same authors [3] developed then their approach in order to extend it to finite size components by introducing an equivalent notch depth accounting for the shape factor commonly used in fracture mechanics problems.
By using the critical distance concept, Taylor [4] demonstrated that accurate fatigue limit estimations could be even done by using just the linear-elastic stress ahead of the crack tip together with a critical distance directly related to the El Haddad's a 0 . In particular, he showed that the stress to be compared to the fatigue limit could be estimated at a point (point method), or averaged along a line (line method) or, finally, averaged over a semi-circular area (area method). These methods demonstrated to be successful for all kind of notches as well as for defects [5] . cycles to failure (assumed to be the reference fatigue limit) and tensile strength for carbon steels having 0.45% carbon content (a) and fatigue ratio vs. carbon content diagram (b) [9, 10] .
Finally, by an extensive experimental investigation, Susmel and Taylor [6] suggested that both the Critical Distance Mechanics and the Susmel and Lazzarin multiaxial fatigue criterion [7] (reinterpreted in terms of the critical distance approach) could be successfully employed even for estimating the fatigue limit of sharply notched components subjected to in-phase biaxial loadings.
Aim of the present paper is to supply some practical rules allowing engineers engaged in fatigue assessment of real components to estimate the material fatigue properties to apply all the modern theories shortly mentioned above.
ESTIMATION OF THE PLANE FATIGUE LIMIT
Taking as starting point the classical diagram proposed by Fuchs [8] , it has been firstly studied the relationship existing between the plain-specimen fatigue limit, ∆σ 0 , and the tensile stress, σ UTS . By using the schematisation adopted in Ref. [9] , metallic materials have been subdivided into five different groups: carbon steels, low-alloy steels, highalloy steels, aluminium alloys and cast irons.
Fatigue limits have been extrapolated at 10 7 cycles to failure under the hypothesis of a log-normal distribution for each stress level with a confidence of 95%. They have been always estimated at 10 7 cycles to failure, even when there was a knee point positioned at a number of cycles lower than the assumed reference value. cycles to failure (assumed to be the reference fatigue limit) and tensile strength for low-alloy steels (a), high-alloy steels (b), aluminium alloy (c) and cast irons (d) [9] [10] [11] .
In any case, a reference fatigue limit at 2·10 6 cycles could be estimated by using the following relationship: Moreover, all the collected data were generated under axial, bending, and rotating bending loadings. It is well known that the fatigue limit value depends on the load typology, but we reanalysed all the data together, because their statistical distribution was the same for every material class, independently of the applied loading type.
As an example, in Fig. 1a it has been reported the ∆σ 0 /2 vs. σ UTS diagrams concerning steels having a carbon content of 0.45%, whereas Fig. 1b summarises all the performed re-analyses in terms of FR vs. carbon content, C [%], relationships. The data re-analyses showed that the average value, calculated by using the least squares method, of the fatigue ratio (FR), where FR=∆σ 0 /(2σ UTS ), decreases as the carbon content increases. In particular, FR reduces from 0.52 down to 0.43, when the carbon content ranges from 0.1% up to 0.5%. In Fg. 1b it is possible to single out three different straight lines: the upper one interpolates the 1% values of the determined FR, the one in between interpolates the average values of FR and the lower one its 99% values. These straight lines can be mathematically expressed as: Figure 3 . Relationship between the torsional and the uniaxial plane fatigue limit [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
In Fig. 2 it has been performed the same analyses for low-alloy steels (Fig. 2a) , high-alloy steels (Fig.  2b) , aluminium alloys (Fig. 2c ) and cast irons (Fig. 2d) . The plotted diagrams show that the average value of the FR is equal to 0.475 for low-alloy steel, to 0.35 for high-alloy steels, to 0.34 for aluminium alloys and to 0.24 for cast-irons. Data concerning castirons are more spread than the others. This is a consequence of the strong influence on the FR value of the material microstructure [11] .
More accurate relationships between ∆σ 0 and σ UTS could be established by grouping together data generated by testing cast irons of the same typology. Finally, in Fig. 3 it has been plotted the relationship between the uniaxial (∆σ 0 /2) and the torsional plain fatigue limit (∆τ 0 /2). This figure shows that ∆τ 0 /2 can be always estimated conservatively by applying the Von Mises criterion.
ESTIMATION OF THE THRESHOLD VALUE OF THE STRESS INTENSITY FACTOR
It is common opinion [31] that the threshold value of the stress intensity factor, ∆K th =K 1,max -K 1,min , cannot be estimated by using just the ultimate stress. This idea is widely confirmed by Fig. 4a , where the ∆K th /σ UTS vs. R diagram has been reported, being R=σ min /σ max . This diagram shows that σ UTS does not allow the data to collapse into a restricted scatter band, and it holds true independently of the fatigue ratio value. Figure 4a has been built by using data generated by testing steels, but analogous situations have been found both for aluminium alloys and cast irons.
A different attempt to estimate ∆K th has been made by plotting ∆K th vs. the ratio ∆σ 0 /∆K th ( Fig. 4b) : this diagram allows us to single out different trends for the different considered materials. Even though this approach could supply approximate rules to estimate ∆K th , with the advantage of taking into account even the load ratio, estimations are still too poor. Figure 4 . Relationship between ∆K th /σ UTS and R for steels (a) [32] . Relationship between ∆K th and σ UTS /∆K th (b) .
ESTIMATION OF THE EL HADDAD'S SHORT CRACK CONSTANT
The El Haddad's short crack constant, given by Eq. (1), is one of the most important parameter on which all the new theory for assessing notched components are based [1] [2] [3] [4] [5] [6] [7] . This parameter is a material property that depends on the load ratio R. For this reason, it cannot be efficiently estimated by using the tensile stress, in fact, doing so, the R influence would not be taken into account. This problem can be partially overcome by expressing a 0 as a function of the unnotched fatigue limit determined for the appropriate load ratio. In Fig. 5 it has been reported the a 0 vs. a 0 /∆σ 0 diagrams for steels and cast irons (Fig. 5a ) and for aluminium alloys (Fig. 5b ). This figure shows that this schematisation allows all the data to collapse into two different restricted scatter bands, and it holds true independently of the load ratio value. Moreover, with only a small increase of the data scatter band (an increment of about 8%), all the a 0 values can be summarised in an universal scatter band calculated by introducing the elastic strain determined, at the reference fatigue limit, as ∆σ 0 /E, where E is the Young's modulus (Fig. 5c ). The obtained trends can be also expressed in explicit form by using the mathematical relationships reported in Fig. 5 .
CONCLUSIONS
In the present paper the problem of the material fatigue properties estimation has been addressed by using a large database of fatigue data. In particular, it has been proposed some practical rules capable of estimating the uniaxial and torsional plane fatigue limit and the El Haddad's short crack constant.
(a) (b) Unfortunately, the available data did not allow us to propose any efficient rule capable of estimating the threshold value of the stress intensity factor, even if a synthesis diagram has been proposed. Finally, it is important to highlight that, even though the proposed data re-analyses can represent an useful tool to perform a preliminary fatigue assessment, it is Author's opinion that these values are only engineering estimations. In fact, materials can show behaviours that could be affected by different parameters (like heat treatments, manufactory processes, etc.), which have not been systematically taken into account in the present study.
